extensively as a reference strain. The origin, from humans or ferrets, was always questionable. In recent years, we have received isolates of the same serovar from a number of pigeons and a turkey. We had considered this serovar to be endemic in pigeons; however, the number of isolates tested in this country is limited. Recently, retrospective studies using PCR-RFLP on a number of isolates from ducks in England during outbreaks with high mortality were found to be of this serovar; 4 however, there is no direct evidence that ducks are the natural host of this serovar.
Sources and manufacturers
a. Organon Technicka, Malvern, PA. b. FMC Bio Products, Rockland, ME.
Ribotyping of Salmonella poona in iguana-associated zoonotic salmonellosis
C. C. Wu, M. J. de Gortari, T. L. Lin, B. Barrett Most Salmonella serotypes are potential human or animal pathogens that cause septicemia, enterocolitis, and death. Salmonella excreted in feces or body fluids from infected carriers is one of the important sources of infection. Reptiles kept as pets are usually asymptomatic carriers of different Salmonella serotypes, 2 which are potentially pathogenic for humans. Turtles, 5,17 snakes, 9 and iguanas 3 are the most frequent reptilian pets that have been associated with salmonellosis cases in humans, particularly in infants.
Numerous Salmonella serotypes have been isolated from the feces or from the housing environment of these reptiles. 14 Humans can then become infected by direct or indirect contact with these sources. One of the serotypes that has been implicated in infections of humans is Salmonella poona. 11, 12 Recently, this bacterium was responsible for the death of a 3-week-old boy in Indiana. The infant's family had an iguana, from which S. poona was also isolated from feces, making the pet iguana the most likely source of S. poona for the infant.
To confirm that the pet iguana was the source of S. poona in this case, isolates from the infant and the iguana were genetically characterized and compared using molecular methods. Two of the most commonly used genetic typing systems that directly analyze DNA or RNA of the microorganism are restriction fragment length polymorphism (RFLP) analysis and ribotyping. 10 In both of these methods, DNA is digested with a restriction enzyme, separated by Received for publication March 6, 1997. electrophoresis, transferred to a nylon membrane, and hybridized with a probe. Fragments containing sequences complementary to the probe are then revealed. However, the interpretation of RFLP banding patterns can be difficult because, depending on the restriction enzyme used, many chromosomal fragments are present and subtle differences may not be observed. Although the use of a specific probe in RFLP analysis reduces the number of fragments to be examined, the disadvantage is that it can be used only for certain species or for certain strains within a species. For ribotyping, genes encoding ribosomal RNA (rRNA) are used as probes. Because nucleotide sequences of rRNA genes are highly conserved among bacterial species, part of the total bacterial DNA should react with the probe made from 16S and 23S rRNA of Escherichia coli. 8 Thus, rRNA gene restriction patterns from different bacterial isolates can be detected and compared. 1, 7, 16 In addition, rRNA genes are dispersed in various copy numbers along the bacterial chromosome, and hybridization with rRNA probes reveals only the fragments that contain the rRNA gene sequence.
The bacterial isolate obtained from the heart blood of the infant was biochemically identified as Salmonella sp. by the Indiana State Board of Health, Indianapolis, Indiana, and serotyped as Salmonella poona by the Centers for Disease Control and Prevention, Atlanta, Georgia. The bacterial isolate obtained from the feces of the iguana was biochemically identified as Salmonella sp. using an automatic identification system a by the Animal Disease Diagnostic Laboratory, Purdue University, and serotyped as Salmonella poona by the National Veterinary Service Laboratory, Ames, Iowa.
Bacterial cell pellets were obtained by centrifugation of 1.5 ml of brain-heart infusion broth inoculated with an S. poona colony at 15,000 ϫ g for 2 minutes. The mixture was resuspended in 1ϫ TE buffer (10 mM Tris-HCl, pH 8.0, 1 mM ethylenediaminetetraacetic acid [EDTA]), 10% sodium dodecyl sulfate (SDS) b and 20 mg/ml of proteinase K b were added, and the mixture was incubated at 37 C for 1 hour. After adding 5 M NaCl and 10% hexadecyl trimethyl ammonium bromide/0.7 M NaCl, the mixture was incubated at 65 C for 10 minutes. The DNA was extracted with chloroform/isoamyl alcohol (24:1) and then phenol/chloroform/isoamyl alcohol (25:24:1). The DNA was then precipitated with 0.6 volume of isopropanol and rinsed with cold 70% ethanol. The DNA pellet was dried under vacuum and redissolved in 100 l of 1ϫ TE buffer. 18 Digoxigenin (DIG)-labeled complementary DNA (cDNA) complementary to the 16S and 23S rRNA gene sequence of E. coli was used as a probe to hybridize digested total DNA of each S. poona isolate. The DNA probe was generated by labeling cDNA with DIG-dUTP c during reverse transcription of the 16S and 23S rRNA of E. coli. 10 A mixture containing 10ϫ primers, c 5ϫ reaction buffer (250 mM Tris-HCl, pH 8.3, 250 mM KCl, 50 mM MgCl 2 , 2.5 mM spermidine, 50 mM dithiothreitol), and 4 g/l of rRNA from E. coli c was heated at 68 C for 5 minutes and allowed to cool at room temperature. The dNTPs, d DIG-dUTP, c and avian myeloblastosis virus reverse transcriptase d were added, and the reaction mixture was incubated at 42 C for 1 hour. The DIG-labeled probe was precipitated by adding 2 l of 4 M LiCl and 95% cold ethanol. After centrifugation at 13,000 ϫ g for 15 min-utes, the pellet was rinsed with 70% cold ethanol, dried under vacuum, and resuspended in 20 l of 1ϫ TE buffer. The probe was transferred to 10 ml of prehybridization solution and stored at Ϫ20 C until used.
Total DNA of S. poona isolated from both the infant and iguana was digested with each of the 11 restriction enzymes (AluI, BamHI, BspI, EcoRI, HindIII, HinfI, PstI, RsaI, SacI, SacII, SmaI). d Each restriction digestion reaction was carried out in 20 l of reaction mixture, containing 5-10 g of total bacterial DNA and 5ϫ excess of restriction enzyme, at 37 C under buffer conditions recommended by the manufacturer. The DNA fragments were separated by electrophoresis using a gel consisting of 0.7% agarose in 1ϫ Tris borate EDTA (TBE; 0.09 M Tris/borate, 0.001 M EDTA) and transferred from the gel onto a nylon membrane e by capillary transfer. 13 Prehybridization and hybridization reactions were carried out in sealed plastic bags. The DNA fragments on nylon membrane were placed in 80 ml of prehybridization solution, consisting of 5ϫ standard saline citrate (SSC; 0.03 M sodium citrate, 0.075 M NaCl), 1% blocking reagent, c 0.1% sarkosyl, b and 0.02% SDS, for 1 hour in a 68 C water bath. Prehybridization solution was replaced with the hybridization solution, consisting of the probe in 10 ml of prehybridization solution. The probe in prehybridization solution was denatured by boiling for 10 minutes and cooled on ice for 5-10 minutes before adding it to a plastic bag for hybridization. Hybridization was carried out in a 68 C water bath overnight with constant shaking.
After hybridization, the nylon membrane containing the DNA fragments from both S. poona isolates was briefly rinsed in the plastic bag with 50-100 ml of washing solution (2ϫ SSC, 0.1% SDS). The membrane was then washed twice for 5 minutes each with 250 ml of a washing solution (2ϫ SSC, 0.1% SDS) at room temperature and twice for 15 minutes each with 250 ml of a solution (0.1ϫ SSC, 0.1% SDS) at 68 C in a water bath with shaking. The membrane was then transferred to a clean plastic dish and sequentially rinsed and washed at room temperature with 100 ml of 100 mM Tris-HCl, pH 7.5, and 150 mM NaCl (buffer 1) for 1 minute, incubated in 200 ml of buffer 2 (3.0 g of blocking reagent c in 300 ml of buffer 1) for 30 minutes, washed in 100 ml of buffer 1 for 1 minute, incubated with 20 l of alkaline phosphatase-conjugated anti-DIG c in 100 ml of buffer 2 for 30 minutes, and washed twice for 15 minutes each with 100 ml of buffer 1. To visualize the banding patterns, the membrane was equilibrated with 80 ml of buffer 3 (100 mM Tris-HCl, pH 9.5, 100 mM NaCl, 50 mM MgCl 2 ) for 3-5 minutes and soaked in 5-10 ml of Lumi-Phos 500 c for 1-2 minutes, ensuring that all the membrane surface made contact with the chemiluminescent solution. Excess Lumi-Phos 500 solution was drained from the membrane. The membrane was wrapped in plastic sheets and then exposed to medical X-ray film f for 5-30 minutes.
The 11 rRNA gene restriction patterns (ribotypes) of both S. poona isolates from the 3-week-old human infant and the adult iguana are shown in Fig. 1 . An average of 6.45 bands were observed between 500 and 12,000 base pairs (bp). Each of the 11 rRNA gene restriction patterns were identical in both S. poona isolates.
The results indicate that both S. poona isolates from the infant and iguana are genetically identical and clearly point to the pet iguana as the source of S. poona infection for the infant. This case further highlights the potential danger of having iguanas as pets, especially where infants live.
Even though several reptile-associated salmonellosis cases in infants and young children have been reported, 6, 11, 15 reptiles are popular pets in the USA. However, these animals are not the pets of choice for children because they can harbor several Salmonella serotypes and other potentially pathogenic bacteria simultaneously. The carriage rates of Salmonella serotypes in reptiles range from 36% to 84%. 4 Furthermore, pet reptiles do not show any clinical sign of Salmonella infection. Thus, these asymptomatic carriers can pose a serious threat in the places where reptiles are used in public demonstrations and young children are allowed to handle the reptiles.
There may be a need to implement programs that educate parents and their siblings about inapparent or subclinical salmonellosis in pet iguanas, as well as the necessary hygienic practices in preventing iguana-associated salmonellosis. These programs, together with routine bacteriologic monitoring of iguanas and their surrounding environments, will help to prevent and reduce the potential hazards of Salmonella exposure to pet owners and their infants.
